The resistances of commonly-used double-lumen endobronchial tubes were measured and a detailed comparison made. Robertshaw tubes were generally found to have a lower resistance than either the Carlens or the White tubes of equivalent size, but this was not so in every case. The White tubes had a disproportionately high resistance associated with the upper lobe orifice when compared with the resistance of the right main orifice. Theoretically thit could lead to uneven ventilation of the right lung. This was not found to be the case in the right-sided Robertshaw tube.
Double-lumen tubes were introduced into clinical practice in 1950 (Bjork and Carlens, 1950) , having been developed the previous year for differential bronchospirometry (Carlens, 1949) . Since that time a wide variety of tubes have been introduced and a few have remained in universal use in thoracic anaesthesia. A recent survey found that the tubes used most commonly at the present time are the Robertshaw and Carlens tubes (Pappin, 1979) . The Carlens catheter was designed for left bronchial intubation and it was 10 years before right-sided double-lumen tubes were introduced, the White tube, and the Bryce-Smith and Salt tube (1960) appearing at the same time. The White tube incorporated the basic design of the Carlens catheter with the right upper lobe orifice introduced in 1955 by Green and Gordon in the single-lumen endobronchial tube of the same name.
Robertshaw introduced his design of endobroncial tubes 2 years later (Robertshaw, 1962) , intending that one design should be available in left-and right-sided versions as a low resistance alternative to the Carlens and White catheters.
On occasions, high peak inflation pressures may be encountered during one-lung anaesthesia and the anaesthetist may wonder as to what extent the inherent resistance of the tubes contributes to these pressures. Very little information exists on this subject. Robertshaw (1962) compared the Carlens catheter and the left-sided version of his own tube, but the measurements were crude because of a lack of sophisticated apparatus: the pressures on the gauge of a Blease Pulmoflator were observed at peak flow when connected to each lumen of the tubes. The Pulmoflator was set to deliver 500 ml "fairly rapidly". In a paper by White (1960) the flow resistances of his own tubes were measured at flows between 5 and 25 litre min" 1 by a method that he did not describe. No comparison was made with any other tube. Neither of these workers describe how many of each tube were tested to account for individual variation. In addition, distortion of these tubes will affect the degree of turbulence and so, to make a fair comparison of resistance, all tubes should be bent to the same angle.
We have studied the three tubes mentioned and compared their resistances by a method accurate to within 0.2 cm H 2 O litre" 1 s" 1 .
MATERIALS AND METHODS Resistance was measured using a modification of the forced oscillation technique developed by Goldman and colleagues (1970) for measuring airway resistance. A sinusoidal airflow of 50 ml tidal volume was delivered at 3 Hz by a cylinder pump (Jordan et al., 1981) . This was applied to the proximal end of one lumen of the tube and the pressure measured at this point by a catheter attached to a Pioden UP2 transducer. Row was measured by a pneumotachograph (Fleisch No.2) attached to a Validyne DP45 differential pressure transducer. The pressure and flow signals were processed electronically to give a measurement of resistance (Jordan et al., 1981) . The signal was delivered to an Apple II microcomputer via an analog-to-digital converter and displayed both as a continuous graph of resistance against time, and numerically at the foot of the screen. Since it was found that resistance increased with curvature of the tubes, all measurements were made with the tubes bent to exactly 90° at the elbow. This position was considered to conform most closely to the position of the tube in clinical practice (Lindholm and Caroll, 1975) .
The following tubes were chosen for study: Carlens sizes 37,39 and 41 French catheter gauge (FG); White sizes 37, 39 and 41 FG; and right and left Robertshaw sizes small, medium and large. Four of each of the tubes were tested and an average value calculated, the tubes having previously been inspected for debris. On all tubes a separate measurement was made for each lumen and a total resistance was calculated using the standard formula for summation of resistance:
In addition, on the right-sided tubes two further measurements were made: with the right upper lobe orifice covered and with the right main orifice covered, respectively.
Absolute values of resistance for the tubes measured are given in table I. The following comparisons were made: the three sizes of left Robertshaw tube were compared with the three equivalent sizes of the Carlens catheter and the resistance of each lumen, and the total resistance, were determined. The three sizes of White tubes were compared with the three equivalent sizes of right-sided Robertshaw tubes and the resistance of each lumen, the total resistance, and the resistances with one or other orifice of the right lumen blocked, were measured.
A summary of the comparisons is given in table II. All values were compared using the Student t test. The ratio of the resistances of the right upper lobe orifice to the main orifice in the two types of rightsided tubes are given in table HI.
DISCUSSION
The Robertshaw tubes were designed to have the maximum internal diameter possible without enlarging the overall size of the tube. In fact, much of the resistance of these tubes comes from turbulence as the gases take their tortuous course. Thus a small increase in curvature can cause a significant change in resistance. The larger tubes of either design offer a fairly low resistance to flow as would be expected. The smaller tubes created a considerable resistance, although this was not of clinical significance as most anaesthetists would electively control ventilation during thoracic operations. However, it would be detected on a pressure gauge by observing the difference between peak and mean inflation pressures, the magnitude being governed by the inspiratory flow rate. If the flow rate is known, the contribution to inflation pressure can be calculated from the above tables.
Our results show that, contrary to Robertshaw's original expectations, the Robertshaw tubes were not of lower resistance in all sizes and lumena. The most notable examples of this were between the small right-sided tube and the 37 FG White tube where all resistances were higher with the Robertshaw tube, except the right upper lobe orifice, and between the large left-sided tube where the left lumen was of greater resistance than that of the 41 FG Carlens catheter.
In general, although such a statistically significant difference was demonstrated in the left-sided tubes, the actual differences in real terms were small and should not have any clinical significance. The picture is somewhat different in the right-sided tubes as a result of the imbalance in the resistances of the upper lobe and main orifices. In the Robertshaw tubes the ratio of these resistances is approximately one and an even pattern of ventilation may be anticipated. In the White tube This ratio is between 1.6 and 2 and this may lead to underventdlation of the right upper lobe compared with the middle and lower lobes.
Of the commonly available double-lumen tubes, Robertshaw tubes offer the best universal option, although from the point-of-view of resistance there is little to chose between them and the Carlens tube. The White tubes, although offering a favourable comparison from the point of view of total resistance, do have a higher resistance as a result of the upper lobe orifice. This may be the reason for the lack of popularity of these tubes in recent years (Pappin, 1979 
